Introduction
Epidemiological studies have shown consistent acute adverse health effects of ambient air pollution and in particular, traffic related pollution on the respiratory health system.. Outcomes with different degrees of severity, from sub-clinical lung function changes to respiratory and cardiovascular symptoms, changes in the use of respiratory and cardiovascular medication, impaired activities (e.g., school and work absenteeism), exacerbation of pre-existing diseases such as asthma and chronic obstructive pulmonary disease (COPD), primary care and/or emergency room visits, hospitalizations and mortality have been investigated. Children, the elderly and those with previous cardiorespiratory disease are the most susceptible groups (American Thoracic Society, 2000; Brunekreef & Holgate, 2002; Berstein et al., 2004; Gouveia & Maisonet, 2006; Ko & Huy, 2010; Perez et al., 2010) . In terms of adverse health effects caused by air pollutants, the more severe the clinical manifestation, the less frequent its occurrence. Many people that have been exposed to air pollutants can have sub-clinical effects such as temporary deficits in lung function or pulmonary inflammation while the prevalence of mortality occurs only in a few (Gouveia & Maisonet, 2006) . Acute Respiratory Infecti o n s ( A R I s ) i s t h e m o s t f r e q u e n t a n d prominent among the respiratory illnesses that affect children and adults due to the morbidity and mortality associated with this illness. ARIs may be classified into upper (URTIs) and lower (LRTIs) respiratory infections, depending on the affected organs (noses, sinuses, middle ear, larynx, and pharynx in the URTIs and trachea, bronchi, and lungs in the LRTIs) (Bellos et al., 2010) .
URTIs are generally mild in severity and most often are caused by viruses and sometimes, as in some cases of sinusitis and acute otitis media, with a secondary bacterial infection. Usually more severe than URTis, LRTIs episodes occur in children under 5 , the elderly and the immunocompromised individuals (e.g. HIV-infected) . From the estimated 4.2 million of LRTIs annual deaths around the world 1.8 million (43%) occur in children less than 5. Furthermore, these two groups of ARIs are not mutually exclusive. These clinical conditions frequently coexist during the same episode of respiratory infection and besides, URTIs could precede and lead to LRTIs and exacerbation of pre-existing chronic respiratory diseases. (Chauhan et al., 2005; Bellos et al., 2010; Shusterman, 2011) The nose and the upper airway, play a sentinel role in the respiratory system. Inspired particles of different aerodynamic sizes tend to impact and interact with the upper airway mucosa. Studies have shown that PM 10 can induce alterations in cells of nasal mucosa promoting inflammatory responses (Brunekreef & Forsberg, 2005) . Once trapped in nasal mucous, these particles are transported to the nasopharynx via mucociliary system, being later either swallowed or expectorated. Gaseous/vapor-phase air pollutants can also be removed from inspired air, depending on their water solubility and chemical reactivity (Shusterman, 2011) . Despite growing concerns of ambient air pollution and the burden of URTIs, particularly in major urban centers, research on the effects of pollutants on upper respiratory conditions are relatively sparse. Epidemological studies that have been conducted mainly in children and adolescents, showed in general, effects of pollutants but without evaluating the real impact on different age groups (Jaakkola et al., 1991; von Mutius et al., 1995; Martins et al., 2001; Hajat et al., 2002; Peel et al., 2005; Wong et al., 2006; Larrieu et al., 2009) . In São Paulo, one of the world's most densely populated cities (11.2 million inhabitants), the main source of air pollution is lightweight cars that run on a petrol-ethanol mixture, resulting in the emission of pollutants with a single toxic component. Emergency department (ED) visits related to respiratory disease have been accepted as a sensitive outcome of the short-term effects of air pollution (Peel et al., 2005) The aim of this study was to estimate the impact of daily air pollution variability on URTIs exacerbation rates, measured via records of daily ED visits, stratifying the analyses by age groups.
Methods
We conducted an ecological time-series study. Daily records of UTRIs emergency department (ED) visits for patients were obtained from São Paulo Hospital (SPH), an affiliate of the São Paulo Federal University, from 1 February 2001 to 31 December 2003. The UTRIs cases were defined based on criteria listed in the International Classification of Diseases (ICD) 10th revision and took into consideration the primary diagnosis in each ED visit record. Patients with acute nasopharingytis (common cold) (J00), acute sinusitis (J01), acute pharyngitis (J02), acute tonsillitis (J03), acute laryngitis and tracheitis (J04), acute obstructive laryngitis [croup] and epiglottitis (J05), acute upper respiratory infections of multiple and unspecified sites (J06) were included in the study. The SPH is an accredited teaching hospital and its ED treats approximately 50 000 patients per year. It has, therefore, been used as a sentinel health service centre for epidemiological studies that aims to evaluate the relationship between air pollution and respiratory morbidity.
Daily records of particulate matter with an aerodynamic profile ≤10 μm (PM 10 ), carbon monoxide (CO), sulphur dioxide (SO 2) , ozone (O 3 ) and nitrogen dioxide (NO 2 ) were obtained for the entire analysis period from the São Paulo State Environmental Agency. Thirteen monitoring stations are distributed throughout the city. For each measured pollutant, the average value among stations was adopted as an estimate of city-wide exposure rates. The measurement adopted for CO (non-dispersive infrared) showed the highest 8 h moving average at five stations. For NO 2 (chemiluminescence) and O 3 (ultraviolet), the highest hourly average was measured at four stations. The highest hourly average over a 24 h period for PM 10 (beta radiation) was measured at 12 stations and at 13 stations for SO 2 (pulse fluorescenceultraviolet); 24 h averages were adopted. Small volumes of missing data were replaced by centred moving averages. All pollutants were measured from 00:01 to 00:00. Daily minimum temperatures and daily means of relative air humidity were obtained from the Institute of Astronomy and Geophysics at the University of São Paulo. The correlations between pollutants and weather variables were estimated using Pearson or Spearman correlation coefficients. The daily number of URTI ER visits was the dependent variable. The independent variables were the daily mean levels of each pollutant (PM 10 , SO 2 , CO, NO 2 and O 3 ). We also controlled for short-term (ie, days of week) and for long-term (ie, seasonable) and daily climate conditions (minimum temperature and humidity). Counts of daily URTIs ER visits were modeled, for the entire period, using generalized linear Poisson regressions (McCullag & Nelder, 1989) . Analysis was stratified by total UTRIs ED visits and by age (younger than 13, between 13-19, 30-39, 40-65 and older than 65). A Poisson regression model was adopted because ED visits are countable events that exhibit a Poisson distribution. We used natural cubic splines (Green & Silverman, 1994) to control for season. Splines were used to account for the non-linear dependence of ED visits on that covariate and to subtract the basic seasonal patterns (and long-term trends) from the data. We used 12 degrees of freedom to smooth the time trend. The number of degrees of freedom for the natural spline of the time trend was selected to minimize the autocorrelation between the residuals and the Akaike Information Criterion (Akaike, 1973) . After adjusting for the time trend, no remaining serial correlation was found in the residuals, making the use of autoregressive terms unnecessary. Indicators for day of the week were included in order to control for short-term trends. Respiratory diseases present a nearly linear relationship with weather. Linear terms for temperature and relative humidity were therefore adopted. Effects of minimum temperature were more relevant from lag 0 to lag 2. Hence, we adopted a 3-day moving average for the minimum temperature. Relative humidity exhibited a short-duration and small-magnitude effect on URTIs ED visits. We adopted a 2-day moving average for relative humidity. To reduce sensitivity to outliers in the dependent variable, we used robust regression (M-estimation). The lag structures between air pollution and health were analysed using different approaches and time lags. In this study, we tested the lag from the same day to 6 days before the ED visit using a third-degree polynomial distributed lag model (Green & Silverman, 1994) . Although this imposes constraints, it also allows for sufficient flexibility to estimate a biologically plausible lag structure that controls for better multicollinearity than an unconstrained lag model. The standard errors of the estimates for each day were adjusted for overdispersion.
Effects of air pollutants were expressed as a percentage increase and as 95% confidence intervals (95% CIs) in URTI ED visits. This was due to increases in pollutant concentrations of a magnitude equal to that of the interquartile range (ie, the variation between the 75% higher and the 25% lower daily concentrations). All analyses were performed using the S-Plus 2000 statistical package for Windows.
Results
During the study period, 177,325 visits occurred in the emergency unit of São Paulo Hospital and 137,530 (72%) were due to upper respiratory tract infections. In terms of age groups, emergency visits of children and adolescents younger than 13 years of age were the most frequent, followed by the groups 40 to 65 years, 30 to 39 years, older than 64 years and adolescents from 13 to 19 years old. Table 1 presents statistical analyses of the main variables adopted in the study.
Variables
Mean Surpassing of daily air quality standards was rare among primary pollutants (one day for PM 10 , two days for NO 2 , and three days for CO). However, for ozone, the one hour moving average standard was surpassed 52 times along the period. Low temperature is rare in São Paulo as observed in the studied period. In terms of relative humidity, it was not observed any daily record below 40%. We explored air pollutants effects on daily number of upper respiratory tract infections ER visits using pollutant-specific models. Figure 1 presents the effects of increases in PM 10 daily levels on the outcome for the entire group of patients. Fig. 1 . Percentage increases and 95% confidence intervals on daily upper respiratory tract infections ER visits due to interquartile range increases in PM10 daily concentrations (28.26 g/m3).
An interquartile range increase in PM 10 concentration (28.26 g/m3) led to increases in URTI ER visits. The effect was acute, starting at the same day of exposure (lag0) and remaining for two consecutive days. After that, there was a smooth decline of the effect magnitude until the sixtieth day after the exposure. It was observed a three-day cumulative effect (from lag0 to lag2) of 8.9% (95% CI: 5.7-12.0). When this analysis was stratified by age group it was observed two patterns of lag structure ( Figure 2 ). The youngest group presented a pattern of effect that was different from the others. Interquartile range increase in PM 10 (28.26 g/m3) was associated to an acute effect, starting at the same day of exposure and remaining for three consecutive days. As the most prevalent age group, its effect pattern was determinant for the effect pattern observed for the entire group. The other age groups presented similar lag structures, with acute effects only at the same day of exposure without lagged effects. The four-day cumulative effect observed for the youngest group reached 13.0% (95% CI: 8.3-17.8) increase in URTI ER visits.
In the group of people from 45 to 65 years old it was not observed statistically significant effects, although the pattern of the lag structure seems to be similar to those observed for adolescents, adults, and elderly. Only CO presented a lagged effect (lag 2,3,4) on the outcome for the elderly group.
Remaining gaseous pollutants presented similar patterns of acute effects (in the same day of exposure). When the analyses where stratified by age groups the pattern of effect remained the same as observed for the entire group, differently from that observed for PM10 effects. Also, in terms of age groups, it was impossible to define an age-dependent pattern of susceptibility for gaseous pollutants. Fig. 2 . Percentage increases and 95% confidence intervals on daily upper respiratory tract infections ER visits due to interquartile range increases in PM 10 daily concentrations (28.26 g/m3) according to different age groups (younger than 13 years, from 13 to 19 years, from 30 to 39 years, and older than 65 years). 
Discussion
We have shown that PM 10 presented a more consistent adverse effect on respiratory tract evaluated in terms of upper respiratory tract infections ER visits than gaseous pollutants and that this effect has both lag structure and age-dependent magnitude.
In this investigation we adopted the time-series design with the most used regression model to investigate acute effects of air pollutants. Poisson regression and polynomial distributed lag models have been largely tested and they have shown consistent results and less susceptibility to bias. We adopted upper respiratory tract infection as an endpoint because it is the most common disease in humans that lead patients to medical services. Among them, the emergency departments receive most of those cases (Fendrick et al.,2003; Footitt & Johnston, 2009 ). The incidence of acute URTIs is inversely proportional to age. On average, the youngest children have 6-8 and adults 2-4 per year (Heikkinen & Jarvinen, 2003) . The effect of air pollutants on health are more demonstrated on children and on the elderly and the evidence of an effect among adults in the general population is more limited (Cesarone et al., 2008) . More refined assessment, including analysis of subgroup defined by specific illness or ages, or of air pollutants not routinely monitored, has been limited by study size and available air quality and health outcome data. (Peel et al., 2005) . In this study we took advantage of obtaining data at the Federal University Hospital that attends to a considerable number of patients in the most populous city in Brazil with an official network of air monitoring at 14 substations. This fact has allowed us to stratify our results by age group and by air pollutants. Viruses are the causal pathogens in most upper respiratory tract infection cases, with fewer than 10% of the cases caused by bacteria. The viral pathogens primarily associated with upper respiratory tract infections include picornaviruses (notably, rhinoviruses and enteroviruses), coronaviruses, adenoviruses, parainfluenza viruses, influenza viruses, and respiratory syncytial viruses. (Fendrick et al., 2003; Heikkinen & Jarvinen, 2003) Infections caused by influenza (ICD 10th J10-J11) is not included in the current study and will be presented elsewhere. Non-influenza viral respiratory tract infection (VRTI) compromises the overall health status of the individual and produce high morbidity. The average length of an episode is about 7 days and one quarter of the cases can reach 14 days. The magnitude of VRTIs impact on public health can be scaled through the study of The National Centre for Health Statistics (USA), which showed that in the United States of America around 500 million non-influenza viral upper respiratory infections occur annually, resulting in a loss of 40 billion US dollar costs and with 40-100 million school and work days lost to absenteeism. (Fendrick et al.,2003; Footitt & Johnston, 2009 ). In the United Kingdom, treatment of cough, symptom usually associated to viruses, in non-asthmatic pre-school children cost at over 30 million pounds annually. (Hollinghurst et al., 2008) . The airway epithelium acts as the first defense against respiratory pathogens, as a physical barrier, with the mucociliary system and its immunological functions. It initiates multiple innate and adaptive immune mechanisms for efficient antiviral responses. The interaction between respiratory pathogens and airway epithelial cells results in production of substances, including type I and III interferons, lactoferrin, β-defensins, and nitric oxide, and also in the production of cytokines and chemokines, which recruit inflammatory cells and influence adaptive immunity. These defense mechanisms usually result in rapid pathogens clearance. (Becker et al., 2005; Vareilleet et al., 2011) . In addition alveolar macrophages (AMs) play a key role in the defense against respiratory infection. At least three properties of AMs play key antimicrobial roles, i.e. the production of inflammatory cytokines, reactive oxidant species (ROS) and interferon (Castranova et al., 2001) . Besides macrophages can inhibit viral replication and also limit viral infections by removing the debris of destroyed cells and by presenting viral antigens to T lymphocytes (Mei et al., 2005) . Once installed in the airway epithelium, viral infections can damage the barrier function leading to enhanced absorption of allergens and/or irritants across the airway wall promoting inflammation. Conversely, experimental results have shown that intact epithelium is more resistant to infection of human respiratory viruses. Consequently, external agents such as allergens and pollutants that damage airway epithelium could increase susceptibility to infection and/or lead to more-severe infections. (Gern, 2010) The mucosa of the upper respiratory (URT) is exposed to almost all of the airborne irritating agents. Depending on both, chemical composition and concentration, these pollutants could alter the morphological patterns of this mucosa at subcellular level and lead to acute and chronic adverse effects that include hypersecretory reaction of the mucous gland and globet cells, decrease of the cilia number and size and loss of the normal pseudo-stratified pattern of the epithelium (Gulisano et al., 1997) . Furthermore, experimental evidence suggests that exposures to ambient air pollution may adversely affect lung defense functions such as aerodynamic filtration, mucociliary clearance, particle transport, and detoxification by alveolar macrophages (Mei et al., 2005) . In terms of criteria air pollutants, studies have shown that both particulate and gaseous pollutants can act all over the airways to initiate and exacerbate cellular inflammation. Inflammatory cells have been seen in bronchoalveolar lavage or nasal washes of asthmatics and not-asthmatic patients exposed to diesel exhausts, ozone, sulphur dioxide and nitrogen dioxide in chambers studies or after nasal provocation challenges, respectively (Bernstein et al., 2004) . Coarse particles deposit in the upper airways of the lungs and are associated with increased cytotoxicity and proinflammatory cytokines interleukin-6 and interleukin-8 (Mei et al., 2005) . Upon contact with particles AMs are activated, and produce a large quantity of reactive oxygen species (ROS) from various enzymatic sources (Huang et al., 2008) . Particulate matter (PM) exposure may also increase or decrease antioxidant defense mechanisms in the lung, which further modulates oxidative stress and enhances pulmonary and systemic inflammation (Huang et al, 2008) . Furthemore, PM inhibit the pulmonary production of interferon in response to viral exposure (Castranova et al, 2001) . Experimental study showed that exposure to coarse particles significantly exacerbated pulmonary infection in mice (Mei et al., 2005) . The suppressive effects of PM on production of antimicrobial agents result in pulmonary susceptibility to both viral and bacterial infection, as demonstrated in animal models. (Castanova et al, 2001 ). Inhalation of ozone (O 3 ) leads to disruption of epithelial barrier, affects the mucociliary clearance and can induce production of proinflammatory factors. O 3 is cytotoxic to macrophages and can modify the macrophage and neutrophil paghocytosis (Hollingsworth et al., 2007) . These effects can cause susceptibility to viral and bacterial infections. Two age groups, the children and elderly, are particularly vulnerable to low levels of inhaled O 3 but its effects can be also noted in the other age groups (Hollingsworth et al., 2007) . In this study we did not observe lagged effects of ozone or differentiation by age groups.
The health effects of nitrogen dioxide (NO 2 ) exposure may result from both the direct oxidant effects of the pollutant and from increasing airway susceptibility to other challenges, including respiratory virus infection. NO 2 causes a cascade of events, beginning with injury and inflammation of the distal airway epithelium, recruitment of T lymphocytes from blood to the airways, and increased susceptibility of the injured epithelial cells to viral infection (Frampton et al., 2002) . Also, NO 2 cause reduction in ability to macrophage fagocytose and ciliary diskenesis (Chauhan et al., 2005) . In this study the NO 2 effects were small and unlikely to be of clinical significance for healthy subjects. Also, effects were acute, on the same day of exposure, without differentiation by age groups. Presence of comorbidities may increase the susceptibility of some age groups to NO 2 effects. Sulphur dioxide (SO 2 ) is a respiratory tract irritant that has been shown to cause acute respiratory health effects including cough, bronchoconstriccion and decreased lung function in controlled human exposures. In high concentrations, SO 2 exposure can result in significant airway injury (Chen et al., 2007) . Experimental studies have shown that SO 2 causes edema, loss of cilia, epithelial thinning, and epithelial desquamation in the olfactory epithelium in mice (Min et al., 1994) , damage to the epithelium of the airways and slowing of ciliary transport of mucus (Lippmann & Ito, 2005) and reduced resistance of female mice to infection by aerosol inoculation with Klebsiella pneumoniae (Azoulay-Dupuis et al., 1982) . SO 2 levels have declined in São Paulo over the last decades. However, we have observed adverse effects on health even under this situation (Arbex et al., 2009) . In this study, the smallest effect was observed for SO 2 exposure and no effect modification was observed in age groups analyses. In urban centers carbon monoxide (CO) emissions have declined significantly since the introduction of catalytic converters for motor vehicles (Chen et al., 2007) . However, the health risks of exposure to these low levels even below to current standards could produce a considerable public health burden particularly for persons with cardiovascular disease (Bell et al., 2009) . Investigators have linked short-and long-term CO exposure mainly with cardiovascular events (Chen et al., 2007; Bell et al., 2009) . Our results have shown that the age group most affected by exposure to particles, NO 2 and O 3 was children. Three repeated cross-sectional studies of a total of 7,611 East German children aged 5-14 yrs during 1992-1993, 1995-1996, and 1998-1999 found a statistical significant age-adjusted decrease for bronchitis (54.2 versus 38.0%), otitis media (30.7 versus 26.7%), sinusitis (4.6 versus 2.3%), frequent colds (36.7 versus 28.5%) and morning cough (13.4 versus 12.2%) in parallel to an improvement of annual means of SO 2 (60 versus 8 µg·m−3) and TSP (56 versus 29%) (Heinrich et al., 2002) . Joaakkola et al. (1991) reported an increased prevalence of URTIs in infants and children living in city polluted by moderate levels of PM 10 , NO 2 and SO 2 as compared to children of a clean air region and von Mutius et al. (1995) have shown that high concentrations of SO2 and moderate levels of particulate matters and NO 2 are associated with an increase risk of developing upper respiratory symptoms in childhood. Peel et al. (2005) in a time-series study have shown that URTIs visits, mainly in infants and children, were positively associated with levels of PM 10 , O 3 , NO 2 and CO. Despite our study not showing relationship between CO and URTIs in children the lag structure of studies are very similar.
Study conducted in Finland have demonstrated that higher levels of SO2 and NO2 were associated with an increase number of URTIs (Ponka, 1990) and study conducted in Hong Kong significant association between first visit for URTI and an increase in the concentration of NO 2 , O 3 , PM 10 , PM 2,5 was observed , but not SO 2 (Wong et al., 2006) . However the models of the studies have different design from ours since they do not explore lag and age groups. Our findings are consistent with Hajat et al (2002) , who carried out a study in London, UK. They found a stronger association for PM 10 for upper respiratory diseases on general practitioner: 5.7% for a 31 µg·m−3 change in PM 10 in adults aged 15-64 yrs, and 10.2% in adults aged ≥65 yrs. However, they estimated that a 18 µg·m−3 increase in SO 2 resulted in a 3.5% increase in childhood consultations at family practices while in our study the age group more affected by SO 2 exposure was the adults aged between 30 and 65 years. Similar to our study lag structure, Laurie et al. (2009) have demonstrated the risk of medical home visits in Bordeax, France and upper respiratory diseases was significantly increased by 1.5% (CI 0.3,2.7) during 3 days following a 10-µg/m3 increase in PM 10 levels. Cesarone et al. (2008) have shown that indices of exposure to traffic-related air pollution were consistently associated with an increased risk of rhinitis in adults in Rome, Italy. However, different from our study, the authors suggest that the main mechanism was due to allergic process. Different from previous study, we found an association between increase in CO levels and emergency room visits for URTIs in elderly people at lag 2,3,4. Whereas the main effect of carbon monoxide is on the cardiovascular system, our hypothesis is if the IRTIs could lead to cardiovascular injury in sensitive people. Despite certain minor differences between our study and those mentioned above, all agree on one major point: urban air pollutants are hazardous and could lead to URTIs. The minor disagreements between age groups and pollutant-specific effects can most likely be attributed to study-specific design characteristics.
Conclusion
This study showed that air pollutants exposure in general, and PM 10 in special, can increase ED visits due to upper respiratory tract infections and that this effect can be modified by age group. Upper respiratory tract infections cannot be considered severe health outcomes. However, it is one of the most frequent groups of respiratory diseases and affects different age groups, increasing cost of medical treatments. Despite the well known susceptibility of the extreme age groups to air pollutants exposure there are other age groups that seem to present pollutant-specific susceptibility, enlarging the burden of air pollutants on health. Despite the observed differences on effects estimates by pollutants, in the outdoor environment people are exposed to a mixture of pollutants and pollutant-specific effects that is really difficult to estimate in the outdoor environment. We believe that this study may support efforts to limit air pollution emissions to stricter standards than those currently adopted in Brazil. In addition, despite the improvement in car engines and the consequent reduction in emissions, the number of cars has increased over the last decade, bringing more vehicles to the streets every day. Monitoring this scenario will require new studies that evaluate frail population groups and analyzing effect modifiers.
Finally, we identified a clear association between air pollution and daily URTIs-related emergency department visits for individuals with different age groups in the city of Sao Paulo, Brazil. Air pollution remains an under-evaluated cause of URTIs exacerbation. Primary pollutants, which in São Paulo are generated mainly by cars, are among those factors that must be addressed in order to minimize the risks to public health.
